Aim: To obtain clinicopathological characteristics of colorectal cancer among young native Indonesians and to assess MLH1, MSH2, and SMAD4 protein expressions, comparing them with a matched population of colorectal cancer patients aged 60 years old and older.
Colorectal cancer ranks as the 10 th most common cancer in the world, including Indonesia. 1, 2 The incidence varies among different ethnic groups or population. 3 There are two types of colorectal cancer, i.e. sporadic and familial / hereditary, and the sporadic type occurs in most of cases (85%). In developed countries, young colorectal cancer patients (less than 40 years) are mostly of the hereditary type (hereditary non-polyposis colorectal cancer, HNPCC), that is 5% of all colorectal cancer population. The diagnosis of HNPCC is established by using the Amsterdam I and II criteria. 4, 5 In developed countries, the incidence of colorectal cancer increases sharply after the age of 50 years; whereas only 3% are found among those patients less than 40 year of age and complied with the Amsterdam / Bethesda modification criteria for HNPCC (hereditary non-polyposis colon cancer) with the following characteristics: 1) right-sided location; 2) a lower pathologic stage; 3) less tendency of metastasis; and 4) a better prognosis. 6 In Asia and Africa, colorectal cancer cases at young age are also reported with a higher incidence, 7, 8 which may reach 4-5 times that of developed countries, but neither of those reports explain about biologic characteristics of colorectal cancer.
There are two main pathways in the development of colorectal cancer. First, chromosomal instability (CIN) pathway consists of aneuploidy disorders and mutations of several genes, i.e. APC, Ki-ras, DCC, SMAD and p53. In developed countries, such pathway is found in more than 90% sporadic colorectal cancer. [9] [10] [11] [12] [13] [14] The second pathway involves microsatellite instability (MIN), which mainly consists of mutations in mismatch repair genes, represented by MSH2, MLH1, MSH3, PMS1 and PMS2. [15] [16] [17] [18] In developed countries, MIN pathway is found in most of young colorectal cancer patients which usually has a good prognosis.
In Indonesia, we notice a different pattern. Data derived from the Department of Pathology Anatomy, Faculty of Medicine, University of Indonesia, in the period 1996 to 1999 revealed that there were 35.2% colorectal cancer cases of young age (less than 40 years). While the data of Ministry of Health reveals the incidence of colorectal cancer under 45 years of age in 4 major cities of Indonesia, i.e. 47.85%, 54.5%, 44.3% and 48.2% in Jakarta, Bandung, Makasar and Padang, respectively. 19 Compared to developed countries, there is higher incidence of young colorectal cancer patients in Indonesia. In addition, the young Indonesian patients with colorectal cancer are frequently admitted to the hospitals with a more progressive disease and do not have well-response to chemotherapy. 20 This will greatly bring influences on productivity and family's financial problem regarding that the patients are still at the productive age. Consequently, it is deemed necessary to further investigate the characteristics of colorectal cancer in these young patients.
The present study is focused on native Indonesian patients; and in this case, we selected the Javanese, Sundanese, Macassarese, and Minangkabau ethnic groups based on anthropological studies i.e. the pattern of modern human migration toward Indonesian archipelago. The selection of these ethnic groups is important since there will be a shift paradigm of cancer treatment strategies in the future, which will not only based on population approach but also include individual genetic profile based for strategic cancer prevention, early diagnosis and prompt treatment.
METHODS

Patients
The present study began with perusal of 121 medical records in patients with colorectal cancer aged 40 
Immunohistochemical staining
All specimens underwent evaluation for histopathology, tumor grading as well as immunohistochemical analysis to assess MLH1, MSH2 protein expressions to detect microsatellite instability mutation pathway using hMLH1 and hMSH2 antibody and SMAD4 protein expression to reconfirm that the specimens were not microsatellite instability origin using SMAD4 monoclonal antibody. 22, 12 The immunohistochemical staining approach was selected based on previous studies. 46, 157 In brief, there were 3 sections for each cases in order to perform histopathology evaluation, MLH1 and MSH2 protein expression with 4 μm-thick sections were sliced from archival formalin-fixed paraffin-embedded tissue blocks, kept overnight at 35-40 o C temperature in the incubator, deparaffinized, dehydrated using a graded series of ethanol solutions and treated by a 100 ml epitope retrieval system. Subsequently, 30% of hydrogen peroxide/methanol was administered for 5 min. The slides were rinsed with phosphate-buffered saline and then blocked with blocking solution for 10 min at room temperature. The were then incubated with hMLH1, hMSH2 antibody solution (1:100 dilutions; (Zymed Laboratories Inc., San Francisco, USA) or SMAD4 (B-8), sc-7966 (Santa Cruz Biotechnology Inc., CA, USA) for 45 min at room temperature. After the sections were incubated with biotinylated secondary antibody for 10 min, bound biotinylated antibody was then tested by HRP-streptovidin complex method (Histostain-S; Zymed Laboratories Inc., CA, USA). Diaminobenzidine was used as the chromogen.
Immunohistochemical analysis
Microscopic analysis was performed by two pathology anatomy experts of two different institutions. Stroma of tissues, normal epithelium and lymph follicles were important internal control marker for such analysis. The analysis was expressed as positive (+) result, negative with positive internal control (0/+) and suspect negative result for either tumor with negative result or negative result in internal control marker (0/0). Positive results included more than 20% expression of protein MSH2 or MLH1, which were then categorized as follows: 20-50%, 50-80% and more than 80%. Analysis of MSH2 or MLH1 protein expression was performed to demonstrate whether the colorectal cancer in young patients follows the microsatellite instability pathway has the same extent as mentioned in the literatures. Evaluation of SMAD4 protein was performed to confirm that microsatellite instability pathway was not involved in carcinogenesis of those tumor tissues. 12 Unexpressed SMAD4 protein, which was interpreted as mutation of DPC gene may also confirm the existence of CIN pathway. However, parts of them were included as non-CIN and non-MIN pathway. 12 
Statistical analysis
Comparison of the proportion of mismatch repair genes expressions between young (< 40 years) and old (> 60 years) patients with colorectal cancer was evaluated by using the X 
RESULTS
One hundred and twenty one cases were consecutively collected from 5 hospitals in Indonesia, i.e., Cipto Mangunkusumo Hospital (20 cases), Dharmais Cancer Hospital (18 cases), Gatot Subroto Army Hospital (3 cases), all were located in Jakarta, Hasan Sadikin District Hospital in Bandung (56 cases) and Dr Wahidin District Hospital in Makassar (24 cases). Of the 121 data collected, there were 64 (52.9%) Sundanese patients, 28 (23.1%) Javanese, 25 (20.7%) Macassarese and 4 (3.3%) were Minangkabau ethnic groups. Other characteristics are summarized in Table 1 .
Histopathological result and grading
Of 118 histopathological specimens available, the most frequent histopathological type was adenocarcinoma and most of them were grade 1. Based on the age group, signet ring cell carcinoma and mucinous adenocarcinoma were significantly (p = 0.000) more frequent in young patients compared to old patients. There was statistically significant difference in grade (p = 0.001) between the young and old patients, in which grade 3 was more frequently found in young patients.
Immunohistochemical staining result for MSH2 and MLH1 protein
Of the 121 data collected, immunohistochemical staining for MSH2 protein and MLH1 were done for 92 and 97 specimens respectively. The other specimens were not stained because of limited or inadequate specimens. The results of immunohistochemical staining for MSH2 and MLH1 protein are shown in Figure 1 and Figure 2 .
As shown in Table 2 and Table 3 , more than 50% specimens showed positive staining for MSH2 but 83.5% showed negative staining for MLH1. The MSH2 and MLH1 staining were done simultaneously in 88 specimens, but the expression pattern of MLH1 was not parallel with MSH2. Fifty five percent (41 of 74) However, specimens with negative MSH2 expression were more likely to be located in the right colon and MLH1 was negative for all right-sided colorectal cancer cases. MLH1 and MSH2 protein expressions also showed no significant difference for tumor location when the specimens were compared based on patient age group. Nevertheless, the young patients were more likely to have negative expressions for both MLH1 and MSH2 protein expressions. There was no significant difference between the expressions of MLH1 (p = 0.674) and MSH2 (p = 0.412) on tumor grading, which may be interpreted as there was no correlation between microsatellite instability and tumor grading in this study. The k (Kappa) statistics for MSH2 was 0.67 (95% CI: 0.48-0.87) and the k-statistics for MLH1 was 0.67 (95% CI:0.64-0.90). It demonstrated reliable inter-and intra-observer validity.
DISCUSSION
Microsatellite instability is one of two main pathways which is important in the development of colorectal cancer. This pathway mainly consists of mutations in mismatch repair genes, represented by some genes such as MSH2 and MLH1. 15, 16 Table 3 . The distribution of MLH1 protein expression non-polyposis colorectal cancer, HNPCC). 4, 5 In Indonesia, we found a different pattern, demonstrating a higher incidence of young colorectal cancer patients who have more progressive disease and do not show goodresponse in chemotherapy, which will greatly influence productivity and family's financial problem. 19 However, little is known about the biologic characteristic of colorectal cancer. Therefore, we think that it is necessary to investigate further especially on the microsatellite instability in colorectal cancer.
Colorectal cancer is one of most cancer that closely associated with environment factor. 25 A study in the United States demonstrated that there was a significant difference of disease-free survival associated with noncancer related health conditions between the white and Afro-American colorectal cancer patients. 26 In the present study, ethnicity data was easily-traced because almost all of the subjects were domiciled near to their place of birth. However, the present study was not aimed to make any correlation or comparison among those ethnic groups (Javanese, Sundanese, Macassarese and Minangkabau). Those ethnic groups were selected in order to obtain a subject population that represented the native Indonesian population. According to anthropologic and genetic review of the experts in some literatures, [27] [28] [29] [30] [31] [32] the selected ethnic groups are included in one "family", which has similar genetic characteristics. Such similarities in geographic, culture and phenotype were assumed to be a valid representative of a population that will bring advantages for other studies in the future.
Tumor location, histopathology and grading
Overall data result of tumor location indicates similar data with the overseas data or data in the developed countries, i.e. rectum as the dominant area.
2,33 Similar result also occur for histopathology data revealing adenocarcinoma, the main histopathology type, which is similar to the overseas data. 27 Furthermore, signet ring cell carcinoma and mucinous adenocarcinoma were significantly dominant in the young patients compared to the old patients.
Tumor grading indicates that grade 3 was significantly dominant in the young patients with colorectal cancer compared to the old patients. Histopathological grading acts as a guideline marker of tumor aggressiveness and in turn, it can be associated with tumor prognosis and/ or therapeutic choice.
34
The patterns of MSH2 and MLH1 protein expression of the young and old colorectal cancer patients
The present study demonstrates that there is no significant difference in the pattern of MSH2 and MLH1 protein between the young and old patients of colorectal cancer. This may provide an impression that the carcinogenesis of colorectal cancer in the young patients is similar to the old patients, which is not in accordance with the pattern of hereditary type (sporadic cancer). In both groups of colorectal cancer patients, there were normal MSH2 protein expression and mutated MLH1 protein expression, which indicates microsatellite instability.
Microsatellite instability has been reported by Liu et al as 58% (of 31 cases) in colorectal cancer patients aged less than 35 years. However, among those cases, there were 5 cases which experienced germline mutation. 35 In 2003, Kamory et al found that there was 54% (20 of 37 cases) colorectal cancer patients who had no expression of mismatch repair genes because of somatic inactivation. By conducting a promoter methylation assay, they noticed that such somatic inactivation was caused by methylation of promoter genes. 36 Surprisingly, most of population of the young and old patients with colorectal cancer showed negative staining of MLH1, i.e. 83.5% (81 of 97 cases). Such negative staining suggests that there is no protein expression of mismatch repair gene MLH1 and that there is microsatellite instability caused by defect in the mismatch repair gene, which may be induced by reagent fault or technical error in staining procedures. Some studies indicate that there is a possibility of negative immunohistochemical staining caused by other mutations. [37] [38] [39] Some studies have reported that, MLH1 may not be 100% match with the microsatellite instability and although the immunohistochemical staining and microsatellite instability are quite sensitive for screening evaluation, we may need additional PMS2 and MSH6 in immunohistochemical staining to encounter the microsatellite instability. 39, 40 Recently, it is noticed that in many cases of sporadic colorectal cancer, hMLH1 expression is frequently disappear or perish, which is not only thorough mutation process but also through epigenetic silencing process by promoter hypermethylation. 28, 42 Therefore, it may explain the discrepancy of MSH2 and MLH1 staining in the present study.
SMAD4 evaluation
We include SMAD4 evaluation in the present study to recognize the existence of mismatch repair genes expression and to add power of this study by recognizing any chromosomal instability (CIN). The SMAD4 was not expressed in specimens of the present study, either in the young or old patients.
It may be concluded that carcinogenesis of colorectal cancer in the young and old patients in such population does not occur through the microsatellite instability pathway. Nevertheless, the negative staining of MLH1 should be interpreted as the presence of microsatellite instability, which may be confusing if it is not associated with the process of DNA methylation, which is obviously mentioned in the literature.
